Introduction
Innovation drives economic growth. Economic growth leads to longer, healthier lives by transforming yesterday's luxuries into better, cheaper, and more efficient goods and services. University research is a key component of our nation's innovative capacity. In an increasingly dynamic and global economy, the institutional infrastructure is inefficient at moving university innovations to the marketplace. University researchers often face convoluted procedures with insufficient guidance to commercialize their innovations. As angel investors and venture capitalists increasingly invest in later-stage enterprises, 1 researchers face difficulty finding early stage funding to develop and test prototypes and conduct market research. In order to fill this funding gap and accelerate the commercialization of university innovations, a new type of organization has emerged-the proof of concept center.
What follows is an examination of two such centers: the Deshpande Center at the MIT School of Engineering and the von Liebig Center at the University of California San Diego Jacobs School of Engineering. This analysis provides valuable insights into how proof of concept centers can facilitate the transfer of university innovations into commercial applications.
Filling a Need
Globalization has shifted the competitiveness of leading developed economies away from standardized manufacturing activities and toward knowledge-based industries and services (Friedman, 2006) . As Thurow (2002, pp. 38-39) observes, "The world is moving from an industrial era based on natural resources into a knowledge-based era based on skill, education, and research and development." Knowledge has emerged as a crucial source of economic growth, employment, and employment in the global economy because it is the basis for innovation.
2
Where does the crucial resource of knowledge come from? While investments by private firms in research and development (R&D) are a crucial source of knowledge, so too are investments made in research and education at universities. However, as Senator Birch Bayh observed some three decades ago, investments in university research do not automatically spill over to generate innovative activity and economic growth. "A wealth of scientific talent at American colleges and universities-talent responsible for the development of numerous innovative scientific breakthroughs each year-is going to waste as a result of bureaucratic red tape and illogical government regulations…" 3 Audretsch et al. (2006) suggest that it is the knowledge filter that stands between investment in research on the one hand, and its commercialization through innovation, leading ultimately to economic growth, on the other.
Seen through the eyes of Senator Bayh, the magnitude of the knowledge filter is daunting, "What sense does it make to spend billions of dollars each year on government-supported research and then prevent new developments from benefiting the American people because of dumb bureaucratic red tape?" 4 Thus, if university research does not passively spill over for commercialization and innovation, then institutions are needed to facilitate the spillover of university research. As Litan, Mitchell and Reedy (2007, p. 57) emphasize, "A perennial challenge related to university-driven innovation has been to ensure that university structures help, not hinder, innovation and its commercialization."
The purpose of this paper is to examine two important examples of institutions devoted to facilitating the spillover and commercialization of university research, the Deshpande Center at MIT and the von Liebig Center at the University of California San Diego (UCSD). Both of these centers are mechanisms designed to fill the "funding gap" of seed-stage investing as angel investors and venture capital funds shift their focus to larger and later-stage investments (Fishback, et al. 2007) . In order to fill this funding gap and accelerate the commercialization of university innovations, a new type of organization has emerged-the proof of concept center. 
Seed Funding
The von Liebig Center provides seed funding ranging from $15,000 to $75,000 to support the commercialization of UCSD discoveries with near-term market prospects. These funds are not used for basic research, but rather to evaluate the commercial potential of existing research. Von Liebig funding allows recipients to focus on development, testing, or prototype construction, and/or conduct specific market research. This evaluation may lead to industry collaboration, licensing, the formation of a new company, or the abandonment of the technology for commercial application.
The von Liebig Center typically funds ten to twelve projects annually, which range from 35 percent to 60 percent of the proposals submitted to the Center. In order to be considered for funding, a project must include at least one Jacobs School of Engineering faculty member. 6 The first step in the funding process is to submit a Statement of Intent, 7 which outlines the project. After the Statement of Intent is submitted, the Center commercialization director assigns an advisor to the faculty member to help prepare the proposal and presentation to the review panel. The full funding application 8 is submitted the following month. A five-to eight-member review panel consisting of both technical and business expertise then reviews the application. The review panel recommends 6 The Center will work with researchers in other disciplines to find a partner in the Jacobs School who may be interested in collaboration. The Center is planning to expand beyond the engineering school to engage researchers across the campus in 2008. 7 A Statement of Intent includes the name of the principle investigator (PI), the project title, and a brief outline of up to 500 words describing the project. 8 The full funding application requests that the PI describe the project goals, the project plan, the commercialization potential of the technology, the backgrounds of the team members, any intellectual property associated with the technology, and a preliminary budget summary. The budget may include only direct project expenses, including the salaries and fees of graduate and undergraduate students, but may not include faculty salaries, patent and legal costs, UCSD overhead costs, or equipment costs over $5,000.
candidates to the Center based on the technology's novelty and need, the potential market size, the market definition, the technology's maturity, the utility of the grant, the intellectual property position, and the principle investigator's credibility (PI). The final funding decision is made with input from advisors and
Center staff.
After a grant is awarded, a von Liebig advisor works with the principle investigator to prepare a commercialization plan that includes technical and business milestones as well as the budget needed to complete the milestones over a twelve-month period. The advisor then requests the authorization of funds corresponding to the first milestone from the commercialization director. Further payments are contingent on reaching established milestones. Upon completion of the project, PIs are requested to submit a two-page summary of the major findings of the project. The Center also works in coordination with external community organizations (CONNECT, Tech Coast Angels, and others) for further coaching and guidance, and to identify entrepreneurs and investment capital that will help the nascent companies move down the commercialization pipeline. The von Liebig Center makes these advisory services available to all researchers at the Jacobs School even if they do not receive funding from the Center. The Center also provides incubation space and needed meeting locations for pre-companies to operate before they secure capital and execute the license agreement.
Advisory Services

Educational Programs
The Center's educational programs can be divided into three categories:
courses, lectures and seminars, and conferences. The von Liebig Center currently supports four graduate-level courses 10 designed by engineers to prepare students for the challenges of an entrepreneurial work environment.
Instructors with both academic and industry experience teach these courses.
Approximately 400 students have completed one or more of the courses, and a small number of students also have had the opportunity to work for the Center as Alliance's "Invention to Venture" conference in San Diego. These educational programs are all designed to further the student and faculty levels of awareness, education, and familiarity with relevant and practical issues related to early stage commercialization.
The Deshpande Center at MIT
The 
Grant Program
The Deshpande Center provides up to $250,000 to prepare MIT technology projects for commercialization. The Center holds two rounds of grant proposals each year and awards two types of grants. 
Catalyst Program
12 Fourteen projects have been awarded multiple grants. 13 Since 2002, sixty-four projects have been funded out of over 365 reviewed proposals. 14 The full proposal is similar to the von Liebig proposal and should be no longer than ten pages in length and includes an execute summary, the market opportunity of the innovation, the proposed approach to innovation, the commercialization process, the impact of the technology, data on similar or previous technologies, the progress to date of the research, the research plan and milestones, resources and budget, other funding provided, team and collaboration information, and a budget proposal.
Unlike the von Liebig Center, the Deshpande Center uses volunteers to provide advisory services through its Catalyst Program. The Deshpande Center has approximately fifty Catalysts with technology innovation and entrepreneurial experience. Catalysts do not represent any company interests; they provide mentorship and assistance to MIT research teams to facilitate the commercialization process. Catalysts also agree to keep discussions in confidence and manage conflicts of interest.
Innovation Teams and Events
The educational aspect of the Deshpande Center is divided into events and Innovation Teams. The Center hosts several events for grant recipients, Data is not available to assess the number of I-Teams participants who pursue entrepreneurial careers after graduation. 
Comparing and Evaluating the Centers
Amount of grants
Seed Funding -$15K -$75K Ignition Grants -≤$50K Innovation Grants -≤$250K There also are areas where both centers can improve their efficiency and usefulness. Some participants felt that the Catalysts provided by the Deshpande Center were not appropriate matches for these participants' technologies. This might be a sign that the von Liebig Center model of paying advisors ensures that they provide better assistance. Some participants also questioned the amount and number of proposals funded by each center as being too few, but in general respondents spoke positively about both centers.
Conclusions
Both the von Liebig and Deshpande centers originally focused on the cultivation of innovation in the engineering schools. This concentration allowed the centers to maximize their effectiveness by limiting the areas of expertise needed by advisors. Attempting to fund proposals from multiple disciplines creates the need for a center to have advisors who are experts in multiple fields, but neglecting non-engineering disciplines does not yield the maximum impact in terms of commercialization. This also creates a challenge in determining which proposals to fund since comparing prospective technological innovations among disciplines is difficult without extensive knowledge of all the fields that could submit proposals. Perhaps the most important cost for these centers is the opportunity cost of the proposals they choose not to fund. By limiting the proposals to the school of engineering, a proof of concept center can minimize missed opportunities resulting from selection bias with review boards only funding technologies with which they are familiar. However, this concerted approach comes at the cost of missing opportunities to fund technologies that originate outside the engineering schools. The von Liebig Center has combined the need for a concerted approach with a desire to fund the best technologies at the university by opening proposals to all UCSD faculty members but requiring them to partner with a Jacobs School of Engineering faculty member. The
Deshpande Center has opened proposals to all MIT faculty members, which necessarily increases the difficulty of proposal evaluation.
To replicate and improve on the successes of the von Liebig and Deshpande centers, it is important to understand the unique conditions that allowed each to prosper. Both centers benefit from locating at universities that excel in research and are located within a strong network of angel investors and venture capitalists. It is important to recognize that the strength of both centers comes from providing far more than capital. Both centers combine seed funding with advisory services and educational initiatives, and they plug innovators into outside funding and collaboration networks. This unified approach is vital to ensure the commercialization of university technology because each component is complementary.
With this in mind, the creation of a new proof of concept center must be located in a university that 1) produces innovative and marketable technology, 2) is not adverse to collaboration with external networks and groups, and 3) has technology transfer offices that are willing to work with a center to assist in the commercialization process. Furthermore, locating the center in the engineering school, at least initially, allows the center to focus its efforts on research that has a greater likelihood of translation into products.
The proof of concept center also must be able to find an administrative team and advisors who are "hubs" in the local venture capital, technology, and industry networks. The localized knowledge of a center's staff may actually be more useful in accelerating the commercialization of university technology than the seed funding. It also is important that a strong social network exists in the surrounding community, including advisors, angel investors, venture capitalists, and interested firms for grantees to partner with. This component is necessary to allow proof of concept centers to invest in risky or unproven technologies with the realization that an outside supportive infrastructure is present for further development and commercialization. By providing the initial seed funding to reach proof of concept, these centers allow researchers the ability to then obtain follow-on funding.
With these considerations in mind, there are a number of locations that may be best suited for a new proof of concept center, including, but not limited to the University of Texas Austin, Johns Hopkins, University of Illinois, Northwestern, and University of Wisconsin-Madison. Regardless of the center's location, its success will be determined by the strength of its staff and its surrounding social network infrastructure.
